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A REVIEW OF INTRACRANIAL ANEURYSMS
DONALD C . A U S T I N ,

M.D.*

I N RECENT YEARS the results of surgical management of intracranial aneurysms as
compared to conservative non-surgical therapy has been discussed seriously. Because
of the important neurosurgical implications of election of one or another type of
treatment, we have reviewed our experience of the past 10 or 11 years with this disease
entity. While our series is obviously smaller than that of some other published groups,
we think it reflects accurately the experience in the management of intracranial
aneurysms in a general hospital.
This series consists of 100 consecutive symptomatic proven intracranial aneurysms
whose demonstration is indicated by Table I . Eighty-three per cent were demonstrated
arteriographically (either partial or complete), 15 per cent by autopsy alone, 1 per cent
surgically only and 1 per cent was calcified and revealed on examination of skull x-rays.
Of the 19 per cent who did not have arteriography, six were in the surgical group
and 13 in the non-surgical group. From the surgical group, one was discovered at the
time of surgical exploration, two were discovered at other hospitals by arteriography
there, and three were discovered at autopsy, one having had burr holes to rule out
subdural hematoma, one having had an emergency subtemporal decompression and one
a carotid ligation because the clinical picture was compatible with that of intracranial
aneurysm. From the non-surgical group, one was calcified and demonstrated on skull
x-rays, while 12 were demonstrated at the time of autopsy whhout having had previous
arteriography. Seven of this latter group died within the first 24 hours after onset of
symptoms and of the five remaining, two had major neurologic deficits, one had concomitant severe but unrelated disease and two were recovering only to succumb rapidly
to a second bleeding episode.
The general statistics of mortality, sex and follow-up of the 100 cases is given
in detail in Table I . Of the total group, 60 per cent were operative cases and 40 per cent
were non-operative, and of these 64 per cent were alive at the time of their last
follow-up (either in person or by letter), and 36 per cent were deceased (including
unrelated causes of death). Table I illustrates the follow-up periods for the 64
survivors of which four, one operative and three non-operative, were lost to any
follow-up after discharge and 11 were followed for varying lengths of time, but did
•Division of Neurosurgery.
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Table I
GENERAL DESCRIPTIVE STATISTICS General
Males
Females

46%
54%

Operative
Nonoperative

60%
40%

Survival
Deceased

64%
36%

Ruptured
Unruptured

91%
9%

Operative
Aiive
Deceased

48%
12%

Nonoperative
Alive
Deceased

16%
24%

100 PROVEN ANEURYSMS
Follow-up
0-6 mos.
6-12 mos.
1-2 yrs.
2-3 "
3-4 "

Mode of Demonstration
Arteriography
8.^
Unilateral
29
Bilateral
47
Ant & Post. Circ.
9
Autopsy alone

15

Surgery alone

1

Routine Skull X-rays
Arteriography
(Confirmed by Autopsy)

1
13

5
12
5
8

n

4-5 "
5-6 "
6-7 "
7-8 "
8-9 "
9-10 "
lO-h "
Lost to follow-up

3
3
-a
J

3
1
4

2
4

not respond to letter follow-up about their present state of health (only three of these
were among the operative group).
AGE

While the age of a patient seems to be of less importance today as compared to
earlier surgical experience, the degree of cerebral arteriosclerosis and concomitant
disease (particularly cardiovascular disease) appears to have a definite relationship to
the ability of any given patient to survive surgical intervention while suffering from a
severe cerebral hemorrhagic insult.
Table I I illustrates the age data as related to the entire series and its
different categories. The mean or average age for the survivors of the surgical group,
age 46, is significantly lower than that for the non-survivors, age 60, but appears to be
of much less significance in survival of the non-operative group.
Table I I
CLINICAL CLASSIFICATION
Groups

Description

No.

Average Age

1

Alert, no deficit, Ill-rd
nerve excepted

22

47

11

Drowsy, no deficit, lll-rd
nerve excepted

27

48

Til

Drowsy, neurologic deficit

l.-s

48

IV

Major neurologic deficit

14

4X

\

Pre-existing serious medical
disease

3

52

\'l

Moribund, with failing vital
centers

4

611
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As shown in Table I I , there is no significant age difference as related to clinical
neurologic status at the time of admission to the hospital except in that group which
presented in extremis with rapidly deteriorating vital signs and profound neurologic
deficit. The average age of 81 patients with acute ruptured aneurysms with varying
degrees of altered consciousness and neurologic deficit was surprisingly constant at
age 48 years, while the average age of those with concomitant pre-existing serious
medical disease was 52 years and those with severe neurologic defiicit and rapidly
failing vital signs was 60 years.
CLINICAL NEUROLOGICAL STATUS

Table I I gives a general clinical classification for this group.
Symptomatology: Table I I I surveys in detail those symptoms at the time of
admission relating to the onset of the patient's disease complex and are those symptoms
described by the patient himself or his accompanying relatives.
Of the 10 most frequent symptoms, only two directly related to prognosis and
mortality, i.e., seizures and mental confusion. In the entire series, there was an
18 per cent incidence of seizures and a definite relationship of such seizures to both
morbidity and mortality as illustrated in Table I V .
Table I I I gives a review of the initial symptoms, the symptom precipitating
hospitalization and the interval between onset of the initial symptom and the
subsequent hospitalization.
Headaches were the most frequent initial symptom and occurred in 70 per cent
of the patients, but in only 36 per cent of patients was this the precipitating cause of
hospitalization. In contrast, syncope was the initial symptom in 11 per cent of the
patients, but precipitated hospitalization in 31 per cent. Seizures occurred as an
initial symptom 4 per cent of the time, but precipitated admission in 11 per cent of
the patients.
After the onset of symptoms, 36 per cent of the patients were hospitalized in
12 hours and 45 per cent in 24 hours. Fifty per cent of the patients were hospitalized
within 48 hours of onset. Within one week of onset, 75 per cent of patients had been
admitted and by two weeks, 88 per cent were in the hospital. However, 12 per cent
of the patients had symptoms for two weeks or more before subsequent hospitalization.
There did not appear to be any significant relationship between time of hospitalization
and subsequent morbidity and mortality.
Clinical Signs: Table I I I gives a review of general physical and neurologic signs
of the series of 100 patients.
As has been found in other series, hypertension is a prominent factor in the
prognosis of ruptured intracranial aneurysms. The figures in Table I I I refer to preexisting elevation of diastolic blood pressure as well as the frequent hypertension which
results from intracranial hemorrhage. Hypertensive disease as manifested by an elevated
253

Table I I I
Symptoms of
Onset
Headaches

Signs of
Onset
89%

Initial
Symptom

Blood Pressure
Diastolic <100

66%

Hospitalization
Ppt'ing Symptom

Interval

Headache

70%

Headache

36%

0-12 hrs.

36%

11%

Syncope

31%

12-24 hrs.

9%

11%

2-5

days

19%

Nausea &/or Vomiting

55%

Diastolic 100-110

21%

Syncope

Syncope

43%

Diastolic >110

13%

Altered memtation

5%

Seizure

Coma or Semicoma

20%
Seizure

4%

Altered mentation

8%

5-7

days

10%

Visual

1%

Visual

7%

8-10 days

6%

Speech

2%

11-14 days

8%

Radicular pain

3%

2-3 wks.

2%

Vertigo

2%

3-4 wks.

6%

4-6 wks.

1%

>6

3%

Nuchal Rigidity

35%

Vertigo or Dizziness

19%

Motor Deficit

9%

Sensory Deficit

6%

Cranial Nerve
Deficit V I I th

38%

Partial Ilird

38%

Complete Illrd

10%

Speech

1%

14%

Neck, Back or
Radicular pain

6%.

Vertigo

2%

Vth
Vlth

Seizures
Mental Confusion
Visual I>isturbances

5%

18%
17%
15%

Papilledema

20%

Nuchal Rigidity

68%

Altered Deep Reflexes

41%

Babinski Response

46%

Hemiparesis

20%

Altered Mentation

51%

wks.
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diastolic blood pressure was present in 34 per cent of this series of patients and when
in the range 110 mm. Hg, was a significant factor in prognostic outcome, being only
6 per cent in the operative survivors, but 17 per cent in those non-survivors of the
operative group and 20 per cent in the non-operative group.
Likewise, coma or semicoma was a major factor in decision against operative
intervention as well as ultimate prognosis for survival. Fifteen per cent of the operative
survivors presented in coma or semicoma, while 42 per cent of the non-operative
deceased were this severely mentally obtunded. Altered mentation, as such, which
encompasses a wider scope of mental obtundity, was not such a significant factor in
prognosis as was coma or semicoma.
Among the multiple neurologic signs which may accompany intracranial aneurysms,
both ruptured and unruptured, and irrespective of location of the aneurysmal dilatation,
nuchal rigidity in 68 per cent was the most constant. Some degree of altered mentation
was present in 51 per cent and a positive Babinski response (unilateral or bilateral)
was found in 46 per cent. Altered deep tendon reflexes (41 per cent), supranuclear
facial paresis (38 per cent) and partial third nerve paresis (38 per cent) were likewise
frequent neurologic signs.
LABORATORY FINDINGS

Lumbar Puncture: A lumbar puncture was not performed in 15 of the 100
patients, or 15 per cent. Because of rapid onset of dire neurologic deficit, two of these
patients had ventricular tap in preference to lumbar puncture. Five of these patients
were in either the group who had not ruptured their aneurysm or those who had a
past history of subarachnoid hemorrhage three or more weeks prior with complete
recovery. Five others failed to have a lumbar puncture because of rapid progress of
their symptoms from onset to subsequent death.
Of the 88 patients who had a recent subarachnoid hemorrhage, nine of these did
not have either a lumbar or ventricular tap for one reason or another.
Twenty-nine (33 per cent) had their puncture within the first 24 hour period after
onset, fifty (57 per cent) within five days and sixty-five (74 per cent) within ten days.
There appeared to be no definite relationship of time of puncture to ultimate outcome
because the former was dependent on many variable factors such as time of admission
after onset, clinical status at time of admission and rate of progress of clinical course
after admission.
Electroencephalogram: Electroencephalograms were performed on 30 per cent of
the total group included in this survey. Of these, 12 or 40 per cent were within normal
limits. Those patients who had an abnormal EEG. fell into three groups: eight (26 per
cent) had diffuse disturbances, three (10 per cent) had diffuse disturbances with some
lateralizing or focal component and nine (30 per cent) had a distinctly focal abnormahty.
Of the latter group, five or 56 per cent had a proven intracerebral hematoma. Of those
with a diffuse disturbance with focal components, the focal component indicated in all
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cases the side of the aneurysm. In no case in which there was a diffuse disturbance
without focal abnormality was a proven intracerebral hematoma present. Therefore,
a focal EEG. abnormality is of extreme significance in localizing either the site of the
aneurysm or the presence of a concomitant intracerebral hematoma.
Arteriography: Although the diagnosis of ruptured intracranial aneurysm can be
made for the most part on clinical evidence alone, both the nature of and the advisability
for surgical intervention depend almost entirely upon the demonstration of the aneurysm
by arteriographic studies.
Out of the 100 cases of proven intracranial aneurysm in this series, 83 per cent
of the patients had either partial or complete arteriographic studies. Two of these 83
patients had had their arteriograms elsewhere; the remainder were done at this
hospital. The scope of the arteriographic studies fell into three groups: 29 patients or
35 per cent had unilateral carotid studies only while 45 patients or 54 per cent had
bilateral carotid arteriograms and nine patients or 11 per cent had complete arteriographic demonstration of both anterior and posterior circulations.
The time of arteriography as related to onset of symptoms was a quite variable
factor. During the first week, 27 or 33 per cent were performed, while 22 or 27 per cent
had arteriography performed during the second week. Therefore, 49 patients or 59 per
cent had arteriographic studies during the first two weeks after onset of symptoms.
Of this latter group, 13 patients did not survive and 36 patients survived. Of those who
survived, eight were totally disabled, 10 were partially disabled and 18 had no disability. Of the remaining 34 patients or 41 per cent who had arteriograms performed
after two weeks from the onset of their symptoms, seven did not survive and of the
27 survivors, three were totally disabled, four were partially disabled and 20 had no disability. The mortality rate for the two weeks group was 27 per cent and the disability
rate was 63 per cent. The survival rate for the greater than two weeks group was 21
per cent and the disability rate was 41 per cent. Thus, while there was little difference
in the rate of survival, there was a considerable difference in the rate of disability. Of
Table I V
SEIZURES AS RELATED TO PROGNOSIS
Group

Percentage of Seizures

Operative Alive

10.4 %

Disabled
Nondisabled

Artery Involved

Nu.nber

IntDrnal Carotid-Post Comm.

5

2.1 %

Middle Cerebral, Prox.

4

8.3 %

Int. Carotid, Bifurc.

3

Operative Deceased

33 %

Ant. Comm. Artery Complex

3

Nonoperative Alive

12.5 %

Middle Cerebral, Trifurc.

2

Ant. Cerebral, Prox.

1

Disabled

6.25%

Nondisabled

6.25%

Nonoperative Deceased

29 %
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the 17 patients who did not have arteriographic studies, 16 of these did not survive
which points up the fact that the reason for not doing arteriography was because either
there was rapid downhill progress from onset of symptoms to death or because of the
extremely poor status of the patient neurologically.
Complications of Arteriography: Complications directly related to arteriography occurred in nine of the 83 patients, or 11 per cent. Three types of
complications occurred: hemiparesis, seizures (Table I V ) and recurrent hemorrhage.
Contralateral hemiparesis occurred in five patients, ipsilateral hemorrhage in one
patient, generalized seizures in two patients, a contralateral focal seizure in one patient
and a secondary hemorrhage from the aneurysm in one patient. One patient had a
generalized seizure after one injection and a hemiparesis when the opposite side was
injected. Six of the comphcations followed left injection and four followed right
injection. The ipsilateral hemiparesis occurred when the side opposite the aneurysm
was injected. Six complications occurred when the side of the aneurysm was injected
and four when the side opposite was injected. Only one of these patients had internal
carotid stenosis and this was bilateral and segmental at the bifurcation in the neck.
Of the six patients who developed a hemiparesis following arteriography, three were
transient and three were permanent. Four of these patients died, only one undergoing
surgery. Of the remaining five, one lost to follow-up after surgery, three are well and
non-disabled foUowing surgery and one remained totally disabled and did not undergo
surgery, her disability being the direct consequence of her arteriogram.
LOCATION OF THE ANEURYSM

The general categorization of the location of the aneurysm is given in Table V
for this series of 100 patients. Eighty-three patients had arteriographic localization,
13 were discovered at autopsy and three at surgery. One patient had a calcified
aneurysm which was visible on routine skull x-ray alone.
A more specific
representation of the location of aneurysms is iUustrated in Figure 1.
There was a total of 115 aneurysms in the 100 patients in the series. There was
a right sided predominance in location and the most common arterial locations were
the internal carotid artery at or near the junction with the posterior communicating
artery (33 per cent), and around the anterior communicating artery complex (19 per
cent). Eighty-six per cent of the patients had single aneurysms while 14 per cent or
14 patients had multiple aneurysms of which 10 were bilateral and four unilateral.
Table V gives a breakdown of aneurysm location in the operative and nonoperative groups. There was a significant and direct correlation between aneurysmal
location and ultimate outcome both from the standpoint of morbidity and of mortality.
Surgical intervention was employed on 17 of the internal carotid-posterior communicating aneurysms with no mortality and a partial disability rate of 35 per cent and no
totally disabled patients. In direct contrast, 16 patients with aneurysms of the anterior
communicating complex were submitted to surgery with a mortality rate of 38 per
cent and a morbidity rate of 31 per cent (both partial and total). In the non-surgical
257
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Figure 1
Location of this series of aneurysirs on the circle of Willis and vertebral arteries.
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Table V
LOCATION OF THE ANEURYSM
ARTERIAL
LOCATION
Int. CarotldAt Post. Comm.
Int. CarotidCavernous
sinus portion
vo

Int. Carotidnear Bifurcation
Ant. Comm.
Artery complex
Ant. Cerebral
Artery
Middle Cerebral
Artery
Posterior Circulation

Multiple Aneurysms

Number
of
Patients

Sex

NONOPERATIVE GROUP
Morbidity

Side

25

M 9
F 16

Rt 14
Lt 11

2

M 0
F 2

Rt 1
Lt 1

16

M 6
F 10

Rt 9
Lt 7

22

M 16
F 6

5

M 4
F1

Deceased

None

6

2

Total

Unknown Deceased

Total

None

Partial

0

11

6

0

1

1

1

4

4

2

6

5

3

2

Unknown
5:

n

3

1

4

2

Rt 2
Lt 3

2

3

14

M 6
F8

Rt 6
Lt 8

6

1

2

M 1
F 1

Rt 1
Lt 1

0

M 4
F 10

Rt 3
Lt 1
Bilat 10

3

14

Partial

OPERATIVE GROUP
Morbidity

1

1

1

4

1

2

2

1

2

3

2

1

r-
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group, 75 per cent of the internal carotid-posterior communicating aneurysms died and
66 per cent of the anterior communicating aneurysms died.
COURSE OF THE DISEASE

Recurrent Hemorrhage: Because recurrent hemorrhages are usually more devastating than the one before and because the mortality rate increases considerably with
each recurrent bleeding, it would appear to be of great importance to prevent
rehemorrhage if at all possible. From the entire series of 100 patients, nine patients
presented with aneurysms which were not manifested by hemorrhage. Of the 91
remaining patients who did have intracranial hemorrhage, 62 had a single bleeding
episode while 31 (33 per cent) went on to have one or more recurrent hemorrhages.
A total of 40 patients of the series were not operated upon. A l l of these except
one patient had one or more bleeding episodes. Therefore, of the 39 non-operative
patients, 24 patients, or 62 per cent, had a single hemorrhage. Fifteen patients or
38 per cent had a second hemorrhagic episode and of these only seven patients or
18 per cent survived. Four more patients had a third hemorrhage and two of these
survived, one of which had two further bleeds or a total of five bleeding episodes and
still survived.
There were 60 patients who underwent surgical intervention, but eight of these
did not have a bleeding episode as a manifestation of their aneurysm. Of the remaining
52 patients, 16 patients or 31 per cent had recurrent hemorrhages and four of these
had more than two bleeds. One of these latter four patients had three hemorrhages
prior to surgery; two patients bled once postoperatively, one of these being due to
an aneurysm on the side opposite a previous carotid ligation and the other necessitated
a craniotomy with clipping of the aneurysm directly following a carotid ligation also.
The remaining patient had two postoperative bleeds which required two additional
craniotomies.
Table V I summarizes the time of occurrence of these recurrent hemorrhages.
The location of aneurysms from which there was recurrent hemorrhage is also
of great importance. The following are the statistics of this phenomenon:
The anterior communicating complex was involved most frequently in recurrent
hemorrhage causing recurrent bleeding episodes in 11 patients and a total of 26
bleeding episodes. Those aneurysms of the internal carotid-posterior communicating
region caused recurrent hemorrhage in eight patients for a total of 17 bleeding incidents.
Middle cerebral artery aneurysms caused rebleeding in five patients on 11 occasions and
multiple aneurysms caused 12 bleeding episodes in four patients. Recurrent bleedings
in two patients occurred with internal carotid bifurcation aneurysms and in one patient
with a posterior cerebral artery aneurysm.
Non-Operative Results: Out of the 100 patients making up this series, a total of
40 patients did not have any operative intervention of any sort for one reason or another.
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Table V I
INTERVAL OF HEMORRHAGES

IJ

Time of Death

Second to third

Initial to Second
0-7 days

6

0-7 days

2

12 hours

Moriiillly

0-7 days

2

6

2

4

4

3

3

2

9

3

3

1

4

1-2 mos.

6

2

0

2

6

2 mos.-l yr.

0

1

0

1

0

2

0

0

21

17

8

10

8-14 days

1

12-24 hours

3 ^42%

4

5-8 weeks

3

2-7 days

3i

3-5 weeks

7

<;8 weeks

1 (7 yrs.) 9-14 days

5-8 weeks

3

3-6 weeks

<^8 weeks

9

6 weeks-4 months

2

2 years

1

<;3 years

2

3

Total

7-14 days

2

2

Partial

14-28 days

8-14 days

5 years

None

Time

15-21 days

3 years

TIME OF OPERATION

NONOPERATIVE GROUP

1 year -1TOTAL

Lost to Follow-Up

2

Deaths unrelated to Aneurysm

2

AUSTIN
The reasons for non-operative treatment ranged from patient and family refusal, continued improvement or rapid downhill course to death, multiple aneurysms, partially
thrombosed aneurysms and unknown or poody explainable reasons. Therefore, a completely unbiased comparison of non-operative to operative therapy is not possible in
this series of patients.
The mortality in this group was 60 per cent or 24 patients. The cause of death
in almost all cases was primarily the result of rupture with hemorrhage, even though
an autopsy was not performed in four cases. In only one case was the primary cause
of death other than hemorrhage—this being a pseudomonas bacteremia. However, this
latter was probably a consequence of an essentially comatose state which had resulted
from bilateral frontal lobe hematomas and thus was basically but indirectly related
to the hemorrhage.
As far as aneurysm location is concerned, as shown in Table V there was no
significant preponderance for site of lesion in either those who deceased or those
who survived in the non-operative group.
There were 16 patients in the non-operative group who survived and of these
15 had little or no residual impairment and one patient was left totally disabled.
In the survival group, one patient had no bleeding and the aneurysm was an
incidental finding as a calcified mass on plain skull x-rays during workup for headaches.
Ten patients had only one bleeding episode; three patients had two bleeding episodes;
one patient bled three times and one bled on five separate occasions. In the nonsurviving group, fourteen patients bled only once, seven on two occasions, and three
on three occasions.
The time of death for the non-operative group is given in Table V I . Forty-two
per cent of those who died did so within one week of onset of symptoms and 58 per
cent within two weeks.
Operative Results—Time of Operation: Within this series of patients, 60 or 60
per cent were subjected to one type of operative procedure or another. The time for
surgical intervention has always been felt to be an important factor in the treatment of
aneurysms, but there would appear to be no established criteria for choosing this time
and in many cases, the condition of the patient dictates rather than any voluntary
decision on the part of the surgeon.
As illustrated in Table V I , both morbidity and mortality were increased when
operative intervention fell within the first two weeks after onset of symptoms. As
illustrated above, only about 26 per cent of the recurrent hemorrhages for this series
of patients occurred within two weeks of one another. Therefore, it would appear that
if the condition of the patient remained stable, that operative intervention delayed two
weeks would result in a lower morbidity as well as mortality. However, in reviewing
the non-operative group, approximately 58 per cent of those who died did so within
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the first two weeks after onset of symptoms and thus for the entire series, about 50
per cent of the mortahty occurred within two weeks. A significant factor in assessing
this mortality, however, lies in the fact that 50 per cent of the non-operative mortality
within the first two weeks occurred in the first 24 hours and reflected a rapid downhill
course of events which is probably irreversible by any means of therapy.
Type of Operation: A variety of operative procedures were employed in the
group of 60 patients undergoing operative intervention and this is summarized below:
A.

B.
C.
D.

E.

Carotid Ligation
1. Common
2. Internal
3. Attempted
Direct Clipping
Trapping
Miscellaneous
1. Exploration
2. Burr Holes
3. Muscle Wrapping
4. Plastic
5. Ligation followed by delayed clipping
6. Subtemporal Decompression
Hematoma evacuation in conjunction with other surgery

28
20
6
2
21
4
7
2
1
1
1
1
1
8

To facilitate surgery, a total of 11 patients had carotid exposure in the neck
for controlled clamping in case of operative rupture of the aneurysm. In addition,
15 patients were done under controlled hypothermia and of these, 10 were aneurysms
of the anterior communicating complex, two of the middle cerebral, two with multiple
aneurysms and one with an internal carotid aneurysm.
The most frequently employed operative procedure was carotid artery ligation in
the neck and this was utilized in all instances for aneurysms of the internal carotid
artery or the anterior and middle cerebral arteries at or near their origin from the
internal carotid. Its most frequent and most successful utilization was for aneurysms
at or near the posterior communicating artery origin from the internal carotid and
represented 15 cases. For this group, there was no mortality, none were totally disabled
and only three were partially disabled. The operative complications were also minimal;
there were three patients who developed transient paretic episodes, two who developed
paresis which remained at least partially permanent and one patient who developed
wound infection with secondary hemorrhage from the ligated artery. There was only
one patient who had a postoperative bleed from an aneurysm on a ligated carotid
artery and which required intracranial attack and clipping of the aneurysm. This
patient's only residual neurologic deficit is a partial third nerve paresis.
Only three of the 27 carotid ligations were unsuccessful. One of these was the
case above which had a secondary postoperative bleed. The other two cases had
263

AUSTIN
transient hemiparetic episodes at the time of ligation and the procedure was, therefore,
abandoned. Both of these patients had no further operative therapy and recovered
uneventfully and have remained essentially asymptomatic.
There were 20 cases who had primary intracranial clipping of the aneurysm and
11 of these involved aneurysms of the anterior communicating artery complex. The
outcome of this surgical intervention was less encouraging. There were seven deaths
and four patients totally disabled. In addition, there were at least five patients who
were partially disabled in one way or another. The operative complications of this
group were also discouraging and the most common was cerebral infarction in the
distribution of the artery involved, resulting in increased neurologic deficit and
occurring in a total of seven cases. Three cases developed postoperative hematoma
either epidural or subdural of such extent to be clinically important; there were two
postoperative infections and one transient hemiparesis.
Ultimate Outcome: There was a total of eight patients of the operative group
who presented with symptoms other than hemorrhage and who did not have a
hemorrhage at any time in the course of their disease. Of the remainder, 36 patients
had one bleeding episode, 14 or 23 per cent had two bleeds and three or 5 per cent
had multiple bleeds.
Postsurgically, however, only four patients had recurrent bleeding episodes and
of these none expired. One of these had bilateral internal carotid aneurysms and
bled after one side was ligated requiring ligation of the opposite side. One recurrent
bleed occurred after a previous craniotomy and evacuation of hematoma at which
time the aneurysm was seen, but not attacked directly. This required re-opening of
Table V I I
RESIDUAL IMPAIRMENT
Operative

Non-Operative

None

14

None

Hemiparesis
Partial (6)
Total
(5)

11

Hemiparesis
Partial
(1)
Complete (1)

2

11

Headache

6

Ilird Nerve Paresis

2

Seizures

5

Vague Somatic Complaints

1

Organic Brain Syndrome
Visual
Speech

5
4
4

Ilird Nerve Paresis

3

Insufficiency Episodes

2

Quadriparesis

1

Vague Somatic Complaints

1

Akinetic Mutism

1
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the craniotomy and trapping of the aneurysm. A third patient had recurrent hemorrhage
after carotid ligation requiring intracranial clipping. The fourth patient had two
recurrent bleeding episodes after intracranial clipping, both requiring repeated clipping.
A comparison of the residual impairment in the non-operative survivors versus
the operative survivors is given in Table V l l .
The time of death of the operative patients, both in relation to onset of symptoms
and postoperatively, is given in Table V I I I . With regard to the postoperative period,
it may be seen that 67 per cent died within the first week after surgery.
An autopsy was performed in 10 of the 12 in the operative group who are
deceased. One of those not coming to autopsy died 48 hours postoperatively, at which
time rupture of the aneurysm required emergency exposure and ligation of the left
internal carotid artery in the neck. The circumstances surrounding the other case would
indicate a recurrent massive hemorrhage. Five of the remaining deaths occurred in
aneurysms of anterior communicating artery complex, and in three of these, autopsy
revealed bilaterally cerebral infarctions. Two deaths were unrelated to the aneurysm,
one being due to a myocardial infarct and the other to a massive gastro-intestinal
hemorrhage.
Of the remaining deaths, two were due to massive subarachnoid hemorrhage
with edema and three were due to intracerebral hemorrhage.
Table VIII
OPERATIVE DECEASED GROUP
TIME OF DEATH
From Onset Symptoms

Postoperative

7-10 days

4

1st 24 hours

4

10-21 days

1

48 hours

I

3-6 weeks

3

2-7 days

3

2-6 months

2

1-6 weeks

2

6-12 months

1

5 months

1

1-5 years

0

2V2 years

1

5 years -h

1

SURGICAL VS. NON-SURGICAL MANAGEMENT

This is a difficult problem to assess statistically when reviewing a series of cases
in which candidates for surgery are chosen in such widely differing manners, both
clinically and otherwise. In order to attempt a more accurate comparison, the cases
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have been categorized according to clinical neurologic status either just prior to surgery
or on admission to this hospital. Below are the figures:
Operative
26%^

Non-Operative

Group I
Group I I
Group I I I

32% I 82%

24 %\
29%' 69%

24% (

16% I

Group I V
Group V
Group V I

14%2 % ' 18%
2%'

18%^
5%' 3 1 %
8% I

These figures acutely point out one difficulty in an accurate comparison in that
31 per cent of the non-operative cases were Group I V or more in severity in comparison to only 18 per cent of the operative cases. It has already been shown also that
42 per cent of the non-operative deaths occurred within one week of onset of symptoms.
This points up the fact that many of these cases were not considered operative candidates
because of their dire neurologic and physical status.
However, some degree of assessment may be gained by comparing cases in any
given neurologic group status and that is what we have attempted here.
Table I X reviews the percentage mortality for each neurologic class in the
operative and non-operative groups and it is easily seen that in each category there is
a significantly increased mortality in the non-operative group except in Groups V and
V I where there were no survivors in either group.
In sharp contrast, however, is the morbidity rate. In the non-operative group it
would appear either the patient died or there was virtually complete recovery without
significant residual. The overall partial disability morbidity rate was 36 per cent and
total disability rate 14 per cent for the operative group, whereas in the non-operative
group none were partially disabled and only 2.6 per cent were totally disabled. Thus,
it appears that while surgery offered a greater survival it was at the price of a significant
degree of morbidity.
Table I X
Class
No.

Operative
Mortality

i

13

2 (15%)

9

4 (44%)

6 (27%.)

U

16

3 (19%)

11

5 (45%)

8 (30%)

111

12

(8%)

6

2 (33%)

3 (17%)

IV

7

3 (43%)

7

6 (86%)

9 (64%)

V

1

1(100%)

2

2(100%)

3(100%)

VI

1

1(100%)

3

3(100%)

4(100%)

1

No.
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It is also seen that there is an increasing rate of mortality with each more severe
neurologic deficit except with regard to Group I I I for which we could find no specific
reason. This group had no arteriographic complications in spite of arteriography having
been done in every case and there were fewer surgical complications in spite of a
67 per cent rate of surgical intervention. There was no significant age or sex difference
and no definite preponderance of site of aneurysm. The only difference in the operative
group was that 50 per cent of Class I I I had surgery in the first two weeks as compared
to 38 per cent in Class I I and 31 per cent in Class I , the significance of which is not
defiinite. It may also be important that 78 per cent of Class I I I had arteriography in
the first two weeks as compared to 54 per cent in Class I I and 53 per cent in Class I .
It is interesting to speculate then that in patients who fall within Classes I , I I , and
I I I there should be a greater tendency to earlier arteriography and surgery and in Classes
IV to V I a tendency to withhold surgery and possibly arteriography until two weeks
after onset of the subarachnoid hemorrhage; this with the reservation that there be no
evidence of an intracerebral clot necessitating early evacuation.
Severe neurologic deficit in association with marked diminution of level of consciousness is then a relative contraindication to early surgical intervention. The
neurologic deficit, when not secondary to intracerebral clot, is usually due to marked
spasm of the major vessels and early surgical intervention before this has subsided is
hazardous with regard to both morbidity and mortality.
RECENT EXPERIENCE

During the past two years there has been increasing surgical experience with the
management of intracranial aneurysms. In 1962 and 1963 there were 33 additional
cases of intracranial aneurysms with hemorrhage. Twenty eight of these came to some
type of operative procedure. Of the remaining five cases, three were in such serious
neurologic condition that no surgical procedure was feasible or warranted and all of
them ultimately died. In another case the exact relationship of the aneurysm to the
patient's symptoms was questionable and surgery was not considered beneficial. The
remaining case could not tolerate even manual carotid compression and remained
totally incapacitated.
This group of patients consisted of 17 males and 16 females. Fifty eight per cent
fell within the fourth and fifth decades of life. Six of these cases had a significant degree
of hypertension and of these four ultimately died of their disease.
There was a mortality of 28 per cent in the operative group of 29 cases. There
were, however, several contrasting differences as compared to the operative experience
of the previous 10 years. There were 11 cases who had a craniotomy with primary
clipping of the aneurysm and three were performed under hypothermia and exposure
of the carotid arteries in the neck. The mortality in this group was 36 per cent which
is comparable to that of the previous 10-year experience.
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The complications included one rehemorrhage the night after surgery with sudden
death, one case with postoperative meningitis and communicating hydrocephalus
ultimately requiring a ventriculojugular shunt, two patients with postoperative infarcts
of frontal and temporal lobes respectively requiring reopening and partial resection, one
case in which postoperative edema requiring reopening with bone flap removal and
one case in which complete carotid occlusion in the neck developed subsequent to
temporary occlusion during surgery and whose preoperative arteriograms had shown
a stenotic lesion.
Seven cases had common carotid ligation performed with two mortalities—one
patient had application of a Selverstone clamp and developed a hemiparesis after only
partial occlusion while the other patient developed a hemiparesis in four days and
after a temporary improvement died nine days after surgery of a massive hemispheric
infarction.
The most promising surgical procedure in the past two years has been the
reinforcing of the exposed aneurysm by coating it with a methyl methacrylate plastic
adhesive material. Of the eight cases in which this was employed there were no deaths
and only one partially disabled (this one having an associated temporal lobe hematoma).
The complications were minimal also, there being one wound infection which was
easily controlled and one patient who was returned to the operating room two times
for epidural hematomas and requiring subsequent removal of the bone flap.
There was one other patient in whom the aneurysm was reinforced. However,
this was combined with carotid ligation in the neck in a patient who was found
unresponsive and decerebrate just prior to surgery probably from a second hemorrhage
and who ultimately died three days postoperatively.
Arteriography was performed in aU cases excepting one in which the aneurysm
was discovered inadvertently while evacuating a temporal lobe hematoma. Only
one patient had all four vessels studied; three vessel study (right brachial and
left carotid angiograms) was performed in five, bilateral carotid studies in 21 and only
one vessel studies in five patients. Of the 22 patients with arteriographic studies in the
first week of illness, 24 per cent ultimately deceased, while of eight studied in the
second week the mortality was 11 per cent.
In a similar relationship, of those cases operated upon within the first week of their
illness the mortality was 27 per cent, the second week 19 per cent and after two weeks
13 per cent.
In spite of an overall surgical mortality of 28 per cent, when the cases are
broken down into the various sites of aneurysm location there is a greater spread than
was noted in the past, where the mortality was predominantly associated with aneurysms
of the anterior communicating artery complex.
Anterior Communicating Artery Complex: There were eight patients in this group
and only two deaths. One patient fell into the clinical classification of IVa and had
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no surgery and the other was in a decerebrate state prior to surgery and while he
survived for 18 days there was no change in his neurologic status. Five patients are
well with no significant morbidity while one patient has a severe dysphasia but is
ambulatory and otherwise unimpaired. Four patients had primary clipping of the
aneurysm while three had plastic adhesive reinforcement.
The results in this group are in marked contrast to that of the previous 10
years experience.
Internal Carotid — posterior communicating Artery Junction: Seven patients
demonstrated aneurysms in this location and again there were two deaths. One of
these died following a second hemorrhage in spite of a ventriculostomy and had no
definitive surgery for the aneurysm itself. The other patient was aged 74 years and
could not tolerate even partial ligation with a Selverstone clamp. Four common carotid
artery ligations were performed without incident or morbidity. One intracranial clipping
was performed, but the patient remains totally disabled from subsequent temporal lobe
infarction necessitating reopening and partial resection as a life saving measure.
The results in this group again reemphasize the virtual safety and ultimately good
prognosis of common carotid ligation as noted previously.
Internal Carotid Artery at or near its Bifurcation: There were six patients in this
group with a mortality of two. One patient who died was decerebrate when taken to
surgery and died in three days after intracranial plastic reinforcement combined with
extracranial carotid ligation. The other patient was in poor neurologic condition (IVa)
prior to surgery and died in spite of intracranial clipping. Of the remaining group, one
remained totally disabled after clipping, one had plastic reinforcement and remains
wefl, one had no surgery and the fourth remains well in spite of craniotomy and
exploration which failed to reveal the aneurysm.
Middle Cerebral Artery, trifurcation: One of this group of three patients died
having been in clinical status V prior to surgery. The remaining two were reinforced
with plastic successfufly resulting in only partial impairment in one patient.
Miscellaneous: One patient with an aneurysm of the pericallosal artery had a
successful intracranial clipping. Another patient with an aneurysm of the proximal
portion of the middle cerebral artery remains well after plastic reinforcement. The
other patient developed a delayed hemiplegia and subsequent death after a common
carotid artery ligation for an aneurysm of the proximal left anterior cerebral artery.
SUMMARY

A clinical review of 100 consecutive intracranial aneurysms over a 10 year period
of time has been presented in gross detail. Si.xty per cent of these came to surgery
whereas the remaining 40 per cent were handled non-surgically for one reason or another.
Several points were highlighted by this review:
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1. The great majority of these patients (61 per cent) ranged in age
between the fourth and sixth decade. The age factor was important in that those
who presented with severe neurologic deficit and rapidly failing vital signs had
an average age significantly higher than other clinical groups.
2. The primary presenting symptoms of subarachnoid hemorrhage from
intracranial aneurysms were headache, nausea and vomiting, syncope and nuchal
rigidity. Cerebral seizures occurred in 18 per cent of the series and in addition
to mental obtundity was a major factor in prognostic outcome.
3. The most common neurologic signs were nuchal rigidity, altered mentation, altered reflexes and cranial nerve palsies, especially I I I and V I I nerves.
Coma and hypertension were important factors in the final outcome of these
patients.
4. Focal EEG. findings were important in localizing either the aneurysm
or the presence of an intracerebral hematoma.
5. Arteriography is the most important prerequisite to surgical management
of intracranial aneurysms. The time of performing arteriography did not appear
to be an important factor as far as survival was concerned but was seemingly
significant in the degree of ultimate disability. The reason for this is not readily
apparent.
6. The incidence of arteriographic complications was 11 per cent but only
4 per cent resulted in permanent disablement or death.
7. Aneurysm location was important in the ultimate outcome in those
submitted to surgical intervention. Those with internal carotid-posterior communicating aneurysm had no mortality while those with anterior communicating complex aneurysm had a 38 per cent mortality.
8. Of 91 patients presenting with subarachnoid hemorrhage, 33 per cent had
recurrent bleeding episodes. Seventy-eight per cent of those having a second
hemorrhage occurring more than two weeks from the original bleeding episode.
9. The mortality in the operative group was 20 per cent and that for the
non-operative group was 60 per cent and in almost all instances in the latter
group the cause of death was directly or indirectly attributable to hemorrhage.
However, 50 per cent of the non-operative deaths occurred within 24 hours
after onset.
10. Carotid ligation was the most successful operative procedure for
aneurysms accessible to this type of intervention with no mortality and negligible
morbidity. In only one instance was intracranial clipping necessary for rehemorrhage after carotid ligation.
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11. An assessment of surgical vs. non-surgical management was attempted
on the basis of comparing comparable groups according to the degree of
neurologic deficit.
CONCLUSIONS

The increasing operative experience of the past two years has emphasized the
following points:
a) The relative effectiveness and safety of common carotid artery ligation
in the neck is reemphasized.
b) The mortality in surgery of anterior communicating artery complex
aneurysms is decreasing due to the advent of plastic adhesive reinforcement and
the realization that surgery is best delayed to the second week or more, conditions
permitting.
c) The increasing experience and utilization of adhesive plastic reinforcement
in the intracranial treatment of aneurysms reveals its efficacy in reducing complications and operative mortality as well as morbidity.
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